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A ABSTRACT  rCoBtSouo  «n  roTOnn  It  rmcoddncy  bod  Idonllly  by  block  numSorJ  v , u J 

A high  speed  parallel  scanning  scheme  is  described  that  uses  high  density 
linear  sensor  arrays  to  convert  optical  images  into  electrical  signals  for 
computer  processing  or  storage. 

By  using  two  1,024-element  linear  arrays  in  a staggered  line  and  x-y  transla- 
tion^ jac^es,  a 9-  by  9-inch  transparency  can  be  scanned  and  digitized  into 
8.5  w IflypixeLs  in  1 minute.  Scan  time  can  be  reduced  by  increasing  the 
slew’ rate  of  the  stage  or  by  Increasing  the  scan  line  by  using  additional 
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arrays.  Since  each  array  produces  four  simultaneous  video  signals, 
the  system  could  be  utilized  as  an  input  device  for  a parallel  processor 
such  as  the  STARAN.  The  video  signals  can  be  multiplexed  onto  a single 
line  if  desired. 
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HIGH  SPEED  PARALLEL  SENSING  SCHEME 


INTRODUCTION 

The  major  objective  of  this  investigation  was  to  devise  a system  that  could  increase 
the  digitizing  speed  of  photographs  for  mapping  applications.  Solid  state  sensor  arrays 
were  chosen  as  the  system  transducer  because  of  the  fixed  and  accurate  position  of 
the  photosensitive  elements  comprising  an  array  and  because  of  the  rapid  scanning 
speed  possible  with  these  devices. 

For  our  study  and  experimentation,  two  linear  arrays  consisting  of  1,024  elements 
each  were  positioned  in  a staggered  line  to  achieve  even  pixel  separation  in  the  x-scan 
direction.  Nine  staggered  arrays  would  be  needed  for  scanning  a 9-  by  9-inch  photo- 
graphic transparency.  An  Aerotech  two-dimensional,  10-  by  10-inch,  translational 
stage*  was  used  to  scan  the  transparencies  over  the  arrays.  The  stage  was  controlled 
by  both  the  special  purpose  hardware  and  the  minicomputer  to  give  three  modes  of 
scanning  operation. 

The  digital  hardware  controller  and  the  electronic  interface  between  the  array  and 
minicomputer  were  designed  and  built  with  commercially  available  TTL  components. 
Software  was  developed  in  both  assembly  and  Fortran  languages  to  implement  stage 
control  and  signal  processing. 

The  overall  system  was  tested  in  tnree  modes  of  operation  using  the  in-house  de- 
signed digital  electronic  hardware  or  the  minicomputer  as  the  system  controller. 

Good  results  were  obtained  in  relation  to  the  scan  time  and  quality  of  the  recon- 
structed imagery.  The  scheme  proved  to  be  encouraging  for  mapping  applications. 

INVESTIGATION 

System  Description.  The  block  diagram  of  the  total  system  is  shown  in  figure  1. 
The  system  was  designed  to  operate  in  three  modes  as  described  below. 

1.  In  the  first  mode  of  operation,  two  staggered  Reticon  linear  arrays  consisting  of 
1,024  elements  each  were  used  to  produce  eight  simultaneous  video  signals.  A white 
light  source  powered  by  a variable  d.c.  supply  was  positioned  under  the  center  of  an 
Aerotech  two-dimensional  translational  stage  as  shown  in  figure  2.  The  stage  was  used 
to  hold  the  imagery,  which  was  a 9-  by  9-inch  photographic  transparency.  The  stage 
was  capable  of  moving  in  both  x and  y directions  approximately  10  inches.  A mir- 

*For  an  axplanation  of  tht  tramlational  itafla,  taa  tht  Atrottch  Unid0x  D C Aotitlon  Servo  Instruction  Monuol, 
Aarotaeh  Inc.,  AIIImmi  Farfc,  Pa.,  nd. 
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Figure  1,  System  Block  Design 


ror  was  mounted  at  a 45  angle  just  above  the  transparency  (see  figure  2).  The  portion 
of  the  imagery  illuminated  by  the  light  source  was  reflected  by  this  mirror  and  imaged 
onto  the  surface  of  the  arrays  with  a lens.  The  lens  and  the  arrays  were  mounted  on 
a triangular  optical  bench,  which  was  in  turn  mounted  on  a heavy  optical  table.  The 
translational  stage  was  also  mounted  on  this  optical  table  to  minimize  relative  motion 
between  the  imagery  and  the  arrays  during  scanning.  The  position  of  the  lens  between 
the  imagery  and  the  arrays  was  adjusted  by  a micrometer  attached  to  the  lens  mount 
to  produce  one-to-one  imaging.  The  stage  was  driven  by  digital  electronics  to  scan  a 
2-inch,  vertical  strip  across  the  arrays.  This  digital  controller  will  be  described  in  detail 
later.  After  scanning  one  strip,  the  stage  changed  direction  and  the  next  adjacent  strip 
was  scanned  in  the  opposite  direction.  The  scanning  path  of  the  stage  with  respect  to 
the  arrays  is  shown  in  figure  3.  As  mentioned  earlier,  each  array  produced  four 
simultaneous  video  channels.  The  sequence  of  the  video  signals  with  respect  to  the 
physical  position  of  the  array  elements  is  shown  in  figure  4.  The  eight  video  channels 
from  two  arrays  can  be  interfaced  to  a parallel  computer  through  ADCS  (analog  to 
digital  converters).  To  facilitate  experimentation,  only  one  video  channel  was 
interfaced.  All  video  channels  were  displayed  on  an  oscilloscope  for  visual  inspection. 

2.  For  the  second  mode  of  operation,  only  one  linear  array  was  used  for  sensing. 
One  of  the  four  video  channels  was  digitized  by  a DATEL,  Model  HV-100  ADC  before 
being  sent  to  the  HP-2100  minicomputer  as  shown  in  figure  1.  In  this  mode  of 
operation,  the  minicomputer  was  used  as  both  the  signal  processor  and  the  stage  con- 
troller. The  digitized  data  were  processed  by  the  minicomputer  and  stored  onto  mag- 
netic tape  using  a HP-7970B  digital  tape  unit.  The  stored  data  were  then  reconstructed 
offline  using  the  DICOMED  system*  and  the  microdensitometer.  The  undesirable 
dark  noise  of  the  array  was  removed  in  the  computer.  The  same  light  source,  stage, 
and  optics  used  in  Mode  1 were  used  in  this  case. 

3.  In  the  last  mode  of  operation,  a remotely  located  disc  was  used  to  store  the  digi- 
tized data.  This  was  done  so  that  a final  data  tape  could  be  written  in  a true  9-  by 
9-inch  raster  scan  from  the  data  stored  in  strip  fashion  on  the  disc.  However,  the  serial 
link  to  the  remote  disc  greatly  increased  the  total  data  acquisition  time. 


DIGITAL  HARDWARE  CONTROLLER 

The  digital  hardware  was  designed  and  built  to  move  the  two-dimensional  fanslation 
stage  in  the  scan  path  shown  in  figure  3.  The  schematic  of  this  controller  is  shown  in 
figure  5.  The  controller  consists  mainly  of  two  sets  of  counters  for  motor  step  count 
indexing  and  other  circuits  for  direction  drive,  pulse  gating,  and  timing.  The  operation 
of  this  controller  is  described  below. 


*R*8itt*r*d  tradwnark  for  DiCOMED,  Inc. 
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Figure  4.  Video  Sequence  and  Array  Element  Configuration. 


Figure  5.  Schematic  of  System  Controller  for  Mode  1 Operation 


The  controller  takes  positive-going,  TTL-level  pulses  of  various  pulse  width  down  to 
1 JUS  (microseconds)  duration  and  various  frequencies  up  to  3 kHz  as  input.  Initially, 
the  RESET  switch  is  pressed  to  clear  all  the  flip-flops  and  counters.  After  pressing  the 
START  switch,  the  incoming  pulses  are  gated  through  two  NAND  gates  (M  and  X)  and 
are  used  to  trigger  the  X-direction  monostable  multivibrator  (XV).  This  multivibrator 
generates  negative-going  pulses  of  100  tis  width  to  the  X-direction  stage.  The  same 
pulses  are  counted  by  the  X-counter  as  shown  in  the  top  portion  of  figure  5.  Scanning 
starts  from  a selected  corner  of  the  imagery.  The  X-counter  counts  up  to  its  full  con- 
tent, which  is  10,000,  and  resets  itself;  at  the  same  time,  the  X-stage  slews  10,000  one- 
mil  steps,  totaling  10  inches.  The  last  count  is  used  to  change  the  X-stage  direction, 
turn  off  the  X-gate,  and  turn  on  the  Y-gate.  Now,  the  incoming  pulses  are  gated 
through  the  Y-gate  to  the  Y-monostable  multivibrator  ( YV).  The  output  of  YV  is  also 
a 100  Ajs-wide-pulse  train  that  is  used  to  slew  the  Y-stage  and  accumulate  in  the  Y- 
counter.  The  Y-counter  is  set  to  count  to  2,000  so  that  the  Y-stag4  moves  2 inches 
to  the  next  adjacent  scanning  strip.  The  last  Y-count  resets  the  Y-counter,  returning 
control  to  the  X-direction  by  turning  off  the  Y-gate  and  turning  on  the  X-gate.  This 
reset  pulse  is  also  counted  by  the  T-counter.  The  same  procedure  described  above  is 
repeated  three  times,  and  the  X-stage  completes  four  strips  of  scanning.  At  this  mo- 
ment, the  T-counter  counts  up  to  four,  resets  itself,  changes  the  direction  of  Y-stage, 
and  sets  ready  the  Y-counter  to  count  up  to  10,000  and  to  return  the  Y-stage  to  its 
starting  position.  Control  is  returned  to  the  X-stage  to  scan  the  fifth,  and  last,  strip. 
After  this,  both  X and  Y stages  are  reset  to  their  starting  positions.  After  reset,  a pulse 
is  sent  through  gates  L-]  and  L2  to  turn  off  gate  M,  which  stops  the  incoming  pulse 
train.  This  completes  the  scanning  process. 


ELECTRONIC  INTERFACE  FOR  ARRAY  AND  MINICOMPUTER 

The  electronic  circuitry  was  designed  and  built  to  interface  the  array  to  the  mini- 
computer for  the  second  and  third  modes  of  operation.  The  schematic  of  the  circuitry 
is  shown  in  figure  6.  The  operation  of  the  circuitry  is  described  below. 

The  circuitry  receives  CLK  (clock),  AS  (array  start),  and  EOL  (end  of  line)  signals 
from  the  linear  array  and  the  EOC  (end  of  conversion)  signal  from  ADC.  The  array  is 
free  running  with  its  own  internal  clock.  Upon  the  arrival  of  the  CC  (control  signal 
from  the  minicomputer),  the  circuitry  looks  for  the  next  AS  pulse.  This  AS  puise  initi- 
ates the  operation  of  the  circuitry.  The  first  three  CLK  pulses  after  receiving  the  AS 
pulse  are  removed  by  a counter  (SN  7490)  and  a gate.  These  pulses  are  deleted  from 
the  ADC  trigger  input  because  they  are  superfluous  and  are  not  coincident  with  array 
element  data.  Pulses  coincident  with  array  element  output  are  delayed  by  a multivi- 
brator and  used  as  the  DMC  (delayed  modified  clock)  for  triggering  the  ADC.  The 
video  from  the  first  element  of  the  array,  which  appears  immediately  after  the  fourth 


CLK  pulse,  is  digitized  by  the  ADC  to  six  bits  (bits  1 to  6)  as  shown  in  figure  6.  The 
first  EOC  signal  from  the  ADC  goes  through  2"  circuitry  and  appears  as  the  first 
LS  (latch  strobe)  signal.  The  digitized  video  from  the  first  element  of  the  array  is  then 
stored  in  two  latches  (SN  7475)  as  shown.  At  the  next  CLK  pulse,  the  array  supplies 
the  video  signal  from  the  fifth  element  because  the  array  produces  four  channels  of 
simultaneous  interlaced  video  data  and  only  one  channel  is  used.  This  signal  is  digitiz^ 
as  described  before.  These  six  bits  are  buffered  and  designated  as  2°  through  2'' 3 
(see  figure  6).  The  second  EOC  pulse  produces  an  output  from  the  "-r  2"  circuit, 
which  is  the  first  CF  (computer  flag)  pulse.  Upon  arrival  of  this  CF  pulse,  the  mini- 
computer takes  in  all  16  bits  of  signals  (2°  to  215)  and  stores  them  in  one  word  of  core 
memory.  Since  a 6-bit  ADC  was  used  for  this  experimentation,  bits  2®,  2*,  2'^,  and 
215  are  tried  to  +5  volts  as  shown  in  figure  6.  The  same  procedure  described  above 
is  repeated  until  the  256th  element  video  output  is  processed.  After  this,  the 
minicomputer  generates  a SC  (stage  command)  pulse  and  stores  the  array  data  on 
magnetic  tape.  This  pulse  is  buffered  and  inverted  to  be  SC,  which  moves  the  X-stage 
one  step  (or  2 to  8 steps  depending  upon  the  setting  of  the  stage  driver).  The  array  is 
now  positioned  on  the  next  line  of  imagery.  The  procedure  described  is  repeated. 


SOFTWARE  DEVELOPEMENT 

Software  for  the  HP-21  (X)  minicomputer  was  developed  in  both  assembly  and 
Fortran  language  to  implement  the  modes  2 and  3 operation.  The  software  listing  is  in 
the  appendixes. 


SYSTEM  TEST  RESULTS 

The  system  was  tested  and  evaluated  in  accordance  with  the  three  modes  of  opera- 
tion. The  test  results  are  presented  below. 

Mode  1.  In  this  mode  of  operation,  two  linear  arrays,  each  consisting  of  1,024 
elements,  were  mounted  in  a staggered  line  to  produce  eight  simultaneous  video  signals. 
All  video  signals  were  displayed  on  an  oscilloscope.  They  showed  a dynamic  range  of 
approximately  1 ,000  to  1 . One  channel  of  video  is  shown  in  figure  7.  The  amplitude  of 
the  video  is  displayed  vertically  with  a 1-volt-per-division  scale,  and  the  frame  rate  is 
shown  horizontally  in  200  microseconds  per  division.  The  system  in  this  mode  of  oper- 
ation could  feed  a parallel  computer  because  of  the  availability  of  multichannel  video 
signals.  However,  all  the  video  signals  can  be  multiplexed  onto  a single  line  if  so 
desired.  Two  arrays  were  driven  with  a 71.4  kHz  clock  frequency,  although  they  may 
be  operated  with  a maximum  clock  rate  of  10  MHz.  The  test  imagery  was  held  by  an 
Aerotech  two-dimensional  stage,  which  was  driven  by  a digital  hardware  controller  as 
described  earlier.  With  one-to-one  imaging  and  a 1-kHz-stage  slewing  rate,  the  system 
scanned  and  digitized  a 9-  by  9-inch  photo-transparency  into  84,934,656  pixels  of  1 


mil  by  1 mil,  each  consisting  of  256  gray  shades,  in  58  seconds.  The  system  was  tested 
with  various  stage  slewing  rates,  and  a very  linear  relationship  was  obtained,  up  to 
3 kHz  driving  frequency  (see  table  1).  Overslewing  of  the  stage  occurred  when  the 
driving  frequency  was  raised  beyond  3.5  kHz.  Smaller  pixel  size  is  possible  with  greater 
image  magnification  and  with  an  increase  in  scan  time.  The  converse  is  true  if  a larger 
pixel  is  desired.  The  best  scanning  scheme  for  9-  by  9-inch  transparencies  would  be 
to  use  nine  staggered  linear  arrays  and  a single  direction  translational  stage. 

Mode-2.  In  this  mode  ot  operation,  one  channel  of  video  was  digitized  by  a 
6-bit  ADC,  before  being  sent  to  the  minicomputer  for  storage  on  magnetic  tape.  Since 
the  dynamic  range  of  the  video  signal  is  approximately  1,(XX)  to  1,  the  video  data  may 
be  digitized  to  8 or  10  bits  for  applications  requiring  more  gray  shades.  In  our  system, 
the  digital  data  from  two  adjacent  pixels  were  packed  into  one  16-bit  word  before 
being  sent  to  the  minicomputer.  The  images  on  the  tapes  were  then  reconstructed  by 
a remotely  located  OICOMED  system  or  a microdensitometer.  To  match  the  format  of 
the  DICOMED  device,  only  an  8-  by  8-inch  area  was  scanned  from  the  9-  by  9-inch 
photo  transparencies.  It  took  approximately  16  minutes  to  scan  and  store  the  digital 
data  for  the  8-  by  8-inch  area  of  transparency.  The  increase  in  the  system  operation 
time  compared  to  that  of  the  Mode-1  is  mainly  due  to  the  slow  writing  speed  of  the 
digital  tape  unit. 

Two  aerial  photographs  from  the  Baltimore  area,  a photographic  plate  of  an  Okla- 
homa scene,  arid  s grid  plate  were  scanned  and  stored  on  magnetic  tapes  using  this 
mode  of  operation.  The  contents  of  the  tapes  were  reconstructed  into  hard  copies 
3 5/8  by  3 5/8  inches.  The  original  8-  by  8-inch  phctographs  were  developed  from 
these  hard  copies  (See  figures  o through  1 1 ).The  aerial  photographs  from  the  Balti- 
more area  (figures  8 and  9)  and  the  scene  from  Oklnhoma  (figure  10)  were  recon- 
structed by  using  the  mocrodensitometar,  and  the  grid  photograph  (figure  11)  was 
reconstructed  by  the  OICOMED  system.  Each  figure  shows  good  resolution  and  con- 
trast, and  accurate  pixel  position.  The  pixel  size  for  these  figures  is  4 by  4 mil.  The 
lines  between  each  scan  strip  are  due  to  uneven  illumination  from  the  light  source. 
This  also  caused  the  sudden  gray  shade  chanqo  of  some  patterns  overlapping  two  ad- 
jacent scan  strips.  The  undesirable  black  lines  in  figure  1 1 are  due  to  scratches  on  the 
original  imagery. 

A 2-  by  2-irKh  section  from  the  first  aerial  photograph  of  the  Baltimore  area  and  the 
photographic  plate  of  Oklahoma  were  magnified  four  times  in  both  the  X and  Y direc- 
tions and  were  scanned  and  stored  on  magnetic  tapes  as  before.  The  contents  of  the 
tapes  were  reconstructed  by  the  DICOMED  system,  and  phtotgraphs  of  original  size 
were  developed  (See  figures  12  and  13).  Comparison  of  these  photographs  with  corre- 
sponding sections  in  figures  8 and  10  clearly  indicates  that  much  higher  resolution  was 
obtained.  The  pixel  size  for  figures  12  and  13  is  1 by  1 mil.  Only  2-inch-square  images 


were  selected  for  this  demonstration  because  of  the  limitation  of  the  DICOMED 
system  (maximum  number  of  pixels  is  2,048  by  2,048).  Resolution  exactly  equal  to 
that  shown  in  figures  12  and  13  can  be  obtained  by  multiplexing  four  simultaneous 
video  channels  electronically  without  magnifying  the  images. 

Mode-3.  To  produce  a data  tape  with  a true  9-  by  9-inch  raster  compatible 
with  the  EBR  (Electron  Beam  Recorder),  the  software  was  modified  to  store  the  digi- 
tized data  onto  a remotely  located  disc  through  a communication  link.  The  data  on  the 
disc  in  strip  mode  were  rearranged  in  the  format  of  the  EBR  and  stored  on  magnetic 
tape  through  the  same  communication  link.  The  system's  operation  time  was  not  re- 
duced because  the  digitized  data  had  to  be  converted  to  a serial  string  to  pass  through 
the  communication  link.  This  effort  was  unsuccessful  from  the  point  of  view  of  saving 
system  operation  time.  However,  if  a disc  were  located  online  with  the  array  scanner 
and  the  minicomputer,  a reduction  factor  of  16.6  in  system  operation  time  is  possible. 
This  will  again  reduce  the  16  minutes  operation  time  of  the  Mode  2 into  less  than 
1 minute.  Figure  14  shows  the  preliminary  result  of  the  reconstructed  image  of  the 
Oklahoma  area  by  the  EBR  operated  in  the  analog  mode.  The  pixel  size  is  4 by  4 mil. 


CONCLUSIONS 


1-4 


( 


1.  High  speed  scanning  of  photographic  transparencies  was  successfully  demonstra-  j 

ted  using  high  resolution,  solid  state,  linear  arrays  as  the  optical  transducer.  t 

2.  With  this  method,  a 9-  by  9-inch  photographic  transparency  can  be  scanned  and  | 

digitized  into  84,934,656  pixels  of  1 mil  by  1 mil  each  consisting  of  256  gray  shades, 

in  58  seconds. 

3.  High  resolution,  good  contrast,  and  accurate  pixel  position  were  obtained  in  | 

the  reconstructed  iniages  scanned  by  this  method.  | 

4.  The  scheme  also  offers  simultaneous  parallel  outputs  that  can  readily  be  con-  | 

nected  to  a parallel  processor  for  rapid  processing.  ? 
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Figure  10.  Reconstructed  Image  of  the  Oklahoma  Area. 
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PROGRAM  ARSON 

ot^OGWAM  At^SCN 

DIMEMSION  IBUFC 1025)/NAME(3) 

DIMEMEION  IDARK(256) 

DIMENSION  LU<2)> 10(2)* IPIXL(2) 

GET  LU  AND  CHANNEL  OF  THE  MCI  CARDS.  THE 
FIRST  CARD  IS  USED  FOR  DATA  INPUT  AND 
THE  SECOND  CARD  IS  USED  TO  SLEW  THE  STAGES. 

CALL  LUNIT( 1AB*LU* 10) 

IF  CLU.NE.0)GO  TO  6 
WRITEC2*5) 

FORMATC'D. 14  NOT  PRESENT") 

CALL  IDLE 

INPUT  THE  NUMBER  OF  BITS  IN  THE  DATA.  THE  HARDWARE 
REVERSES  THE  THE  ORDER  OF  THE  TWO  8 BIT  PIXELS  IN 
THE  16  BIT  INPUT  WORD.  ACCORDING  TO  THE  HIGHEST 
SIGNIFICANT  BIT  DESIRED  IN  THE  DATA*  THE  SIX  BIT 
PIXEL  FROM  THE  A/D  C0N7ERTER< RI GHT  JUSTIFIED  IN 
8 BITS)*  IS  ROTATED  TO  THE  LEFT  BY 
NBITS.  (NBITS»-6  FOR  AN  8 BIT  RANGE). 

WRITE<2*7) 

FORMATC'NO.  OF  BITS?”) 

READ( 1*«) I 

IF  <IRANG(6*8*I))6*8 
NBITS-I-14 

SET  THE  DARK  LEVLES  TO  0 

DO  9 1-1*256 
IDARK(l)-0 

INPUT  THE  ARRAY  DARK  LEVELS  IF  TTY  RESPONSE  > 0. 

CALL  1 OUT (0*1) 

WRITE(2* 1 1 ) 

FORMAT ("INPUT  DARK  LEVELS?  (INPUT»0)") 

READ( 1*«) 1 
IBUF-0 

IF  (I.LT. I )G0  TO  12 
CALL  DMA1N( IBUF(2)* 128*LU) 

CALL  R0TAT(1BUF(2)* IBUF(2)* 128*NBITS) 

CALL  UNPAK( IBUF(2)* IDARK* 256) 

CREATE  DATA  FILE  OR  OPEN  EXISTING  FILE 

WRITE (2* 20) 

FORMAT! "CREATE  FILE?  (1NPUT>0)”) 

READ! 1**)1 
WRITE(2*30) 

FORMATC’FILE  NAME?") 

READ! 1*40)NAME 
FORMAT! 3A2) 

IF  !I.GT.0)GO  TO  60 

CALL  RuPfcNaSTAT*  1ERR*NAME) 

GO  TU  70 
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0060 

60 

0061 

0062 

70 

0063 

C 

0064 

C 

0065 

C 

0066 

0067 

C 

0068 
0069 
00  70 

75 

0071 

0072 

80 

0073 

85 

0074 

0075 

0076 

90 

0077 

95 

0078 

00.79 

0080 

100 

008  1 
0082 

1 10 

0083 

C 

0084 

C 

0085 

0086 

0087 

0088 
0089 

c 

0090 

C 

0091 

c 

0092 

c 

0093 

c 

0094 

c 

0095 

0096 

1 15 

0097 

0098 

0099 

0100 

130 

0101 

0102 

0103 

01t4 

0105 

0106 

0107 

0108 

1 31 

0109 

120 

0110 

C 

0111 

c 

0112 

c 

0113 

C 

0114 

0115 

0116 
01  17 
0118 
0119 

c 

CALL  'ICHETCISTATj  I NAME^  - 1 / \,Z.-2Z') 

CALL  FILERCISTAT* lEPR/IF) 

IF  (IF.EC.-l)GO  TO  1000 

INPUT  SCAN  PAPAMETERS.  A NEGATIVE  ENTRY  FOR  SIZE 
CAUSES  REVERSE  STAGE  MOTION. 

URITE(2>  75) 

FORMAT! "STAGE  SPEED?") 

READ!  U*)  IRATE 
WRITE!2/80) 

FORMAT!"STRIP  SIZE?") 

READ! 1* *) IVDTH 
WRITE! 2*90) 

FORMAT!"NO.  OF  STRIPS?") 

READ!  U*)NSTRP 
IF  !IRANG!l>8#NSTRP))85/95 
WRITE!2< 100) 

FORMAT! "Y  STEP  SIZE?") 

READ! I**)LSIZE 
VRITE!2..  110) 

FORMAT!"NO.  OF  LINES?") 

READ! 1<«)NLINS 

INITIALIZE  PARAMETERS 

IXSET=0 

IYSET=0 

N>1 

NUM»1 

TAKE  ARRAY  DATA*  ROTATE  TO  CORRECT  BIT  POSITIONS* 

UNPACK*  SUBTRACT  DARK  LEVELS*  RE-PACK 

AND  STORE  ON  REMOTE  DISK  FILE  FOR  ONE  STRIP 

DO  120  I>1*NLINS 

IF  ! I SSW! 15) ) 1010* 1 30 

CALL  DMAIN! IBUF!2)* 128*LU! 1 ) ) 

CALL  ROTAT! I BUF! 2 ) * I BUF! 2 ) * 128*NBITS) 

CALL  UNPAK! IBUF!2)* IBUF! 1 30)*  256) 

DO  131  J<l*256 

IBUF!J+1 )»IBUF! J*129)-IDARK! J) 

CALL  IPACK! IBUF!2)* IBUF!2)*256) 

CALL  RURIT! ISTAT* I EPP* NAME* I BUF! 2 ) * 128*NUM) 

CALL  FILER! ISTAT* lEPR* IF) 

IF  !IF.EQ.-l)GO  TO  1000 
NUM«NUM*l 

IF  ! I .EO.NLINS)GO  TO  120 

CALL  STAGE!0.LSIZE* IXSET* lYSET* IRATE* IBUF* I0!2)) 
CONTINUE 

CHECK  FOR  END  OF  DATA  TAKING.  IF  NOT  FINISHED* 
SLEW  OVER  TO  NEXT  STRIP  AND  TAKE  DATA  IN  OPPOSITE 
SCAN  DIRECTION. 

IF  !N.E(3.NSTRP)GO  TO  1010 
N«N+1 

CALL  STAGE! IVDTH*0* IXSET* lYSET* IRATE* IBUF* 10! 2) ) 

LSIZE=-LSIZE 

GO  TO  115 
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0J20 

C 

01SI 

C 

REMOTE  FILE  ACCESS  ERROR 

01S2 

C 

0123 

1000 

CALL  IOUT( 1000008/ 1) 

0124 

C 

0125 

C 

CLOSE  THE  FILE  AND  RESET  STAGES 

0126 

C 

0127 

1010 

CALL  RCLOSCISTAT/ lERR/NAME) 

0128 

CALL  STAGE! IXSET/ lYSET/ IXSET/ lYSET/ IRATE/  IBUF/  10(2) ) 

0129 

IF  <ISSW( 15)) 10/ 135 

0130 

C 

0131 

C 

THIS  SECTION  WRITES  THE  DATA  ON  DISK  TO  MT 

0132 

C 

IN  THE  CORRECT  SCANNING  SEQMENCEC PASTER) 

0133 

C 

0134 

135 

LEN=120*NSTRR 

0135 

CALL  IOUT(0/1) 

0136 

REWIND  3 

0137 

CALL  ROPEN( I STAT, IERR/NAME) 

0138 

CALL  FILERCISTAT/ lERP/ IF) 

0139 

IF  (IF.EQ.-l)GO  TO  1000 

0140 

C 

0141 

C 

0142 

DO  140  I=1/NLINS 

f 143 

DO  141  J=1/NSTRP 

0144 

IF  < I SSW( 15) ) 190/ 180 

0145 

180 

IF  (J.EQ. 1 )G0  TO  150 

0146 

J2=J/2 

0147 

IREM=J-2*J2 

0143 

IF  ( IREM.EQ. 1 )G0  TO  160 

0149 

NUK=2*J2*NL1NS-I+1 

0150 

GO  TO  170 

0151 

160 

NUM=2*J2*NLINS+I 

0152 

GO  TO  170 

0153 

150 

NUM=I 

0154 

1 70 

CALL  RREAD<  ISTAT/  I ERR/ NAME/  1 EOF!  ( J- 1 ) * 1 28+ 1 )/N/NIJM) 

0155 

CALL  FILERC ISTAT/ lERR/ IF) 

0156 

IF  CIF.EO.-DGO  TO  1000 

0157 

141 

CONTIN'.’E 

0158 

CALL  BFOUTC 3/ IBUF/LEN) 

0159 

142 

IF  (ItJNIT(3))142/  140 

0160 

140 

CONTINUE 

0161 

C 

0162 

C 

0163 

ENDFILE  3 

0164 

190 

REWIND  3 

0165 

CALL  RCLOSCISTAT/ I ERR/MAME) 

0166 

PAUSE 

0167 

C 

0168 

C 

IF  SW  BIT  0=1  AFTER  RUN  IS  PUSHED/  THE  DATA 

0169 

C 

ON  MAG  TAPE  IS  READ  RECORD  BY  RECORD  AND  PRINTED 

0170 

c 

ON  THE  TTY  TO  CHECK  THE  OPERATION  OF  THE  SYSTEM 

0171 

c 

SW  BIT  15=1  ABORTS  TO  STATEMENT  10. 

01  72 

c 

0173 

IF  CISS"(0))200/ 10 

0174 

200 

CALL  BFINP<3/ IBUF/LEN) 

0175 

210 

IF  < ITINITO)  ) 210/ 220 

0176 

220 

DO  230  1=1/  LEM 

0177 

IF  CISSV( 15)) 10/225 

0178 

225 

CALL  !PJRAK< IBUF< I )/ IPlXL/2) 

01  79 

WRITE(2/226) IPIXL( 1 ) 
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0180  WRlTECa* 226) IPIXL(2) 

0181  226  F0RMAT(I4) 

0182  230  CONTINUE 

0183  GO  TO  200 

0184  END 

0185  ENDS 


★♦END-OF-TAPE 
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